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I. INTRODUCTION

This report is a part of a study for the Defense Civil Preparedness
Agency under Work Order No. DAHC 20-70-C-0310, A#2; Work Unit 1123C,
"Blast Loading in Existing Structures'. Results are presented for the
blast induced loading on objects inside 1/12th scale model basement
shelters. The work assumes that the external blast wave will destroy

and blow away the above ground structure. The blast wave is assumed
then to enter the basement shelter through open stairways. elevator
shafts and other openings that are left.

The work reported here is a continuation of that repoerted in BRL
Memorandum Report 2208 (Ref. 1). The BRL 24 inch shock tube was
modified, since that work,by the additioa of a longer driver section
which increased the duration of the input shock wave for the smaller
model experiments. Also, an additional model was built for use with
the BRL 5.5 foot shock tube, to simulate a 1000 shelteree size basement
shelter. Results are also presented for this larger model.

II. EXPERIMENTS

The tirst experiment made use of the same basement model (40 x 70 x
8 inches) as used for the experiments reported in Ref. 1. A larger
driver section (35 1/2 ft) was added to the shock tube. The added
driver length increased the positive, flat duration of the input shock-
waves. As in the earlier experiments, pressure transducers and high
speed framing cameras were used to record the pressures and object
translation within the basement model.

A second basement model was built to simulate a 1000 shelteree
shelter. This larger model (70 x 144 x 8 inches) was constructed to
be used with the BRL 5.5 ft. shock tube to take advantage of still
greater shock wave duration. Input pressure of 5 and 10 psi were used
to create the internal flows within the basement models which in turn,
caused the objects to translate. Pressure-time records of input shock
waveforms and pressure fill records were taken and high speed 16 mm
cameras (2000-3000 pps) recorded the motion of nylon cylinders placed
within the models prior to shock wave exposure.

III. RESULTS AND CONCLUSIONS

A summary of the shots is given in the appendixes of this report
along with pertinent data for the shots. Velocity field predictions
for the interior air flow induced by an input shockwave are given by
the RIPPLE code. .

Some pertinent results are s mmarized for the two sets of
experiments.
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A. Model 40 - Single Closed Stairway

1. Nylon cylinders caught in the incoming jet-like flow from
the stair entrance were translated away from the entrance and toward
the left rear area of the model. The translation speed of the cylinders
varied from a few ft/sec for the 5 vsi input to about 36 ft/sec for the
input of 20 psi.

2. Cylinders positioned outside the jet-flow limits were caught
at later times into the long-term rctation of the internal flow. These
observed speeds of cylinder translation were less than 5 ft/sec.

3. The cylinders, when caught in the high speed jet-flow, rotated,
if airborne, as they were translated. For example, rotations of 36
rotations/sec were measured for the 20 psi shcck wave input.

B. Model 42 - Stairway and Elevator Shaft

1. Cylinders placed in the center of the incoming flow from
the stairway were translated to speeds of 17 and 38 ft/sec corresponding
to input pressures of S and 10 psi.

2. Cylinders near center of room showed only slight motion.

3. The general pattern of motion for all cylinders was similar
to that of Model 40, clockwise around the model from the entrances.

4. Generally translational speeds of the cylinder were higher,
proportional to the six-time V/A increase for Model 42 over Model 40.

C. Predictions for Full Size Shelters

Fill-time predictions of cylinder motion for a variety of basement
shelter are shown as a function of their volume to entrance area ratijo.
The flow parameters from these predictions are used to predict maximum
translational speeds for cylinders calculated for each of the different
basement sizes. In all cases, the cylinders vere assumed to vemain in
tie center and in a maximum flow region. Friction from the floor and
the effect of gravity are neglected.
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BLAST LOAPING OF OBJECTS IN BASEMENT
SHELTER MODELS

ABSTRACT
Experimental results obtained from loading two 1/12th ¢ ‘e basement
shelter models are given for 80 and 1000 shelteree size sheit. . The

models were exposed to shock waves in the 5 to 20 psi overpressure range.
Computer program piedictions of air speeds and pressure filling are
compared to the measured motion of nylon cylinders placed within the
shelter models.
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I. INTRODUCTION

The work being reported is a part of a study for the Defense Civil
Preparedne:s Agency under Work Order No. DAHC 20-70-C-0310, A#2; Work
Unit 1123C, "Blast Loading in Existing Structures'. Results are
presented for the loading experienced by objects in a model basement
shelter when exposed to shock waves entering the room. The work assumes
that an external blast wave will destroy and remove that portion of the
structure above ground. The blast wave is then assumed to enter the
basement through the open stairways, elevator shafts, and remaining
openings.

The work reported here is a continuation of that reported in BRL
Merorandum Report 2208 (Ref. 1). A longer driven section has since
been added to the BRL 24-inch shock tube which has increased the duration
of the input shock wave. This has allowed the smaller model to be
exposed to another set of input conditions for longer fill times. A
larger basement asodel representing a 1000 shelteree shelter was built
for use on the BRL 5.5-foot shock tube. Results are presented for
this model and compared to those obtained for the smaller (80 shelteree)
basement model exposed at the 24-inch shock tube.

I11. EXPERIMENTS
The experiments are reported in two parts, Part A which concerns
the work dcne with a2 basement model exposed to shock waves from the
24-inch shock tube, and Part B which reports the experiments with a
larger model at the 5.5-foot shock tube.

A. Basement Model 40-24 inch Shock Tube

Model 40 measured 20 x 40 x 8 inches in size and simulated
a 1/12th sgale basement shelter capable of holding about 80 shelterees
at 10 feet“/person. The model was designed with a single closed
stairway with an opening of 4.75 x 8 inches. The model volume to
entrance area ratio, V/A, was approximately 14 feet.

The instrumentation included Susquehanna Instrument ST-2
pressure transducers coupled with Kistler Model 566 charge amplifiers
to Textronix 502-A oscilloscopes. These were used to measure the input
shock overpressure and also the model's interior fill pressure. Fastex
16 mm framing cameras running at 2000-2000 pps were used to record the
motion of nylon cylinders (1.28" dia x 1.83" high, weight 1.56 oz.)
exposed to the shock-created internal flows. Figures 1 and 2 show
the model attached to the 24-inch shock tube and a schematic of the
floor grid where the cylinders were placed.

13
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The experimental procadure was to place a row of three cylinders
across the floor of the model and allow a shock wave to enter the model.
A series of 5, 10 and 20 psi input waves was used for tne cylinders
placed at the different ross shown. During the shot time, the motion
of the cylinders was recorded by cameras placed at the end and the side.
Photographs of the cylinders' motion and tables of average translational
velocities are given in the Resuits Section, Part A.

B. Basement Model 42-5.5 Foot Shock Tube

A larger basement model, also 1/12th scale, with a size of 70 x
144 x 8 inches was built and attached to ths 5.5 foot shock tube. An
elevator-stairway entrance combination was built at the shock tube
end for entrances into the model. Figures 3-5 describe the model.
The size was chosen to approximate a full size shelter with space
for 1000 shelterees at 10 ftZ/person. The shelter volume to total
entrance area ratio was about 85 feet.

The instrumentation was similar to that used earlier except that
longer time response was needed for the several hundred milliseconds
duration shock waves. Accordingly, strain gage type transducers
manufactured by Bytrex (Series HFG) and CEC (Type 4-312) were used
instead of the ST-2 transducer. Also, a multichannel! oscillograph
recorder was used with CEC System D amplifiers for the strain trans-
ducers outputs.

The camera system was enlarged by one camera and mostly were
used at the cide position. Additional DXC 500 watt photoflood lamps
were needed for a tutal of fourteen lamps. The framing rate was
again held between 2000 and 3000 pps.

A pressure range of 5 and 10 psi input shock waves was used and
the motion of the nylon cylinders observed. Since the basement model
was large, twenty cylinders were used inside of three as before. The
results of those experiments are given in the Results Section, Part B.

III. RESULTS

The results are presented in two parts. Part A describes the
results obtained from Model 40 and Part B the results from Model 42.

A. Model 40-80 Shelteree Size

A surmary of the shots to which model 40 was exposed is given in
Appendix A, Table A-I. A representative set of pressure-time records
obtained from the input transducer located 4i inches upstream of model
entrance and the interior transducer, located flush in the center of
floor, are shown in Fig. 6. The input shockwave has an approximately
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(A) MODEL 42 INSTALLED ON 5.5FT SHOCK TUBE

(8) INTERIOR VIEW OF MODEL 42

Fignre 4. Photographs of Model 42
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flat portion of about 45 msec. long. The slight dip at about 10 msec
is caused by the filling rarifaction wave moving upstream from the model.

At all three input pressure lavels the model was completely filled
with pressure co the value of the outside shock pressure. Predictions
have been made in Ref. 2, 3 and 4 that incoming air flow from the
entrance is jet-like and attains a speed of several hundred feet/sec
near the entrance. Other areas may wmaintain the order of 50-100 ft/sec
for times several times the amount of the filling time. These
predictions are corpared with the experimental results later, in
Section 1V.

The purpose of the high speed phoiography was to record the effect
of these interior flows upon the cylincers placed in various locations
inside the mcdel. Figures 7 and 2 show some of this motion as recorded
by the Fastex cameras at the end and side of Model 40. Additional
pictures are given in Appendix B. The motion is summarized in Table
I as a €unction of cylinder location and imput shock overpressure. In
all shots the cylinders were arranged from left to right "A", "B", and
"C". Tais placed "C" near the entrance, exposed to the highest air
flow syeeds.

B. Model 42-1000 Shelteree Size

The shot series for Model 42 is given in Appendix A, Table A-II.
Typical records fovr the input shock waves for the shot series and the
related filling pressure records are shown in Fig. Y. The input
shock wave is seen to have a flat portion ot 180-190 milliseconds
duration. This is more than enough time for the filling curve to
reach the input sheckwave pressure at 100-150 milliseconds.

Puotographs >f the motion of the cvlinders as they are affacia
by the shock created internal air flow are shown in Fig. 10-12. As
in the smaller Model 40, the cylinders placed in the incoming high
speed flow from the stairway were translated at speeds of 17 and 38
ft/sec for inputs of 5 and 10 psi. Other cylinders out of the main
flow and near the center of the floor, moved only a slight awount.
Generally, the observed pattern of motion for the cylinders was quite
similar to that of Model 40. The main differsnce of greater maximm
translaticnal speeds for the cylinders can be attributed to the increased
filling time for Model 42 as indicated by a V/A of about six times that
of Model 40. Table II summarizes the data from Model 42.
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FRAME NUMBER

Figure 7.

SHOT §76

TIME, MSEC.

FRAME NUMBER TIME, MSEC.

End View, Cylinders on Row 3-Ps « 20.1 psi
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FRAME NUMBER

SHOT 576

TIME, MSEC

2294

651.2

Figure 7.

Continued
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SHOT 576

[,

FRAME NUMBER TIME, MSEC.

FRPAME NUMBER TiME, MSEC.

S ah i 1

‘V\m

349 102.6 1109 322.5

Figure 8. Side View, Cylinders on Row 3-Ps = 20.1 psi
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FRAME NUMBER

Figire 10.

TIME ,MSEC

SHOT 5-73-7
CAMERA |

FRAME NUMBER

TIME, MSEC

Camera 1, 2-ft Row,
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FRAME NUMBER

TIME, MSEC

SHOT 5-73-7
CAMERA 2

FRAME NUMBER

205

48.3 245

165

74.9

185

Figure 11.

83.7
Camera 2, 6-ft Row, Model 42
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SHOT 5-73-7
CAMERA 2-OTHER CYLINDERS
FRAME NUMBER TIME, MSEC FRAME NUMBER TIME, MSEC

295

[P —

126.3 435 183.9

i Wt A

o —

167.6

Figure 12. Camera 2 - Cylinders from Other Rows
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IV. COMPUTER CODE PREDICTIONS

Three types of predictions were made with the help of computer codes.
(1) Prediction of interior filling of the models with pressure, as a
function of time, were muade with the BRL Fiiling Code, Ref.1l. (2) Two-
dimensional hydrodynamic code predictions of the interior flows were made
for Models 40 and 42, for an input of 10 psi, with the RIPPLE Code, Ref.
2. (3) Translation calculations were mage for cylinders by makirg use
of the flow parameters obtained from Filling Code predictions.

A. Fill-Tiwe Predictions

Interior pressure filling predictions for Model 40 are shown as
Table III for 5, 10 and 26 psi input shock pressures. The pressure
filling from the table a2re plotted as ~ function of time in Fig. 13-15.
They are plotted as solid lines, the imput pressures as dotted lines and
some "X's" for experimental points. There is some scatter in the data
caused by peak reflections of the internal shock waves. Also, the stairs
have been neglected as a correction to the total room volume and was
neglected as a source of possible choking of the entrance flow. Similar
predictions for Model 42 are given in Table IV and Fig. 16 and 17.

B. RIPPLE Code Flow Predictions

RIPPLE Code predictions of shock induced internal flow for a 10
psi input were made for Models 40 and 42. An example for Model 40 is
shown in Fig. 18 for a time of about S msec. The time was chosen to
start when the input shock wave entered the room from the entryway. The
vector scale is shown at the bottom of the figure. A wide range of flow
speeds exist at this time. Flows vary from a maximum of 650-750 ft/sec
at the entryway correr, to 200ft/sec near center of room, to 50-100
feet near vortex, and to less than 20 ft/s=c in the corners of the room.
Although the RIPPIE Code is two-dimensional, it does seex to describe
sufficiently well the actual three-dimensional roua. A set of figures
for Model 40 (two diwension) are givea in Appendix D for flows at other
times of interest,

A similar example of a flow field for Model 42 is shown in Fig. 19.
The tvo entrances are seen to modify the flow field somewhat. The vortex
locat .on is displaced but the overall flow pattern for Model 42 resembles
that of Model 40. The predicted ranges of flow speeds for the 10 psi
input pressure are from 600-80" ft/sec near the entrance, 100-150 ft/sec
across center of room, and 100 ft/sec near vortex. The set of flow charts
are found in Appendix E. '

C. Translation Calculations for Cylinders

Predictions o translation, velocity and acceleration for a nylom
cylinder placed directly in the path of the incoming high speed fiow
were made for each of the two basement models. The simplified calculat-
ions for the parameters as a function of time, measured from diffracted
shock arrival at the cylinders position, were made with a programable
desk calculator.
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Table III. Fill Parameters for Model 40
Mndel 4O
Shot 5¢9 5psi
AREAL VOLUME TIME PRESSURE
04264E D) 0.370400€ 0O} 0.200000€E-02 0.145000€ 2
TIME PRESSURE DEN3 U2
SECONDS PS1 UE-S2/F4& FPS
0.200€~02 0.110568€ 01 0.249548€-02 0.4909C1E C3
0.4G0E~02 0.208339¢ 01 0.264195€-02 0.412297€ 03
0.600E-02 0.294322€ 01 0.277066E-02 0.346933€E 03
0.800E~02 0.367233€ 01 0.287980€E-02 0.283722€ 03
0.100€~01 0.423512€ 01 0.296429€E-02 0.213094€ M3
0.1208-01 C.461982€ 01 0.302198€£-02 0.142729€c (3
0.140E~J1 0.484458¢ 01 0.305574E~-02 0.822119€ 02
01160€~01 0.495154€ 01 0.307T179€-02 0.387624E 02
01 180E-('1 0.485214E 01 0.305610€-02 -0.359055€ 02
0.200€-~01 G+ 490990€ 01 0.306477-02 0.209329E C2
Je220E~21 ~«478283E 01 0.306470E-02 -0.4606435€ 02
04240€E~21 0. 494990E 01 0.306978E-02 0.606785€ (02
Cs260€E~01 0.502270¢€ 01 0.3C8069€-02 C.262498€E 02
0.2808~01 0.491857F 01 0.306426E-02 “0.374784€ 02
04300E~01 0.459360E 01 0.307551€E~02 0.270943€ 02
01 320E~-01 0.489795€ ¢1 0.306042€-02 -0.3%4712€ 02
0.340E-01 9.507159€ 01 0.308643E-02 0.626848E 02
0.360€-~21 0.508407€ 01 0.3088306-02 0.44T7176€ 01
0.380E-~31 0.512247€ O} 0.309405E-02 0.137550 02
0.400€-01 0.500773E 01 0.307T%96E-02 ~0.411027€ 02
0.420€~01 0.£10391¢ 01 0.309036E-02 0.34%659E 02
0.440E~01 0.4%9112€ 01 0.307258€-02 -0.404392€ 02
0.460E~01 0.3511802t 01 0.309158E-02 0.456306F 02
04480E-01 0.499080€ 01 C.307153E-02 ~0.456048E 02
0.500&~01 0.502i37€ 01 0.307611E-02 0.109994¢ 02
04520E-01 J.481850E 01 0.304414E-02 -0.733734¢ 02
0.7 40E-21 0.461516€ 0O} 0.301226€-02 ~0.739558€ 02
0,560E-01 0.440487¢ 01 0.297897E-02 ~0.781034E C2
0.580€~01 0.417859¢ 01 0.294331E-02 ~0.8468T72E C2
0.600E-01 0.394318€ 01 0.290621€~-02 ~0.892525¢ 02
0.620E~01 0.370350€ 01 0.2856845F-02 -0.920903€ 02
0L 640E~01 0.3646172E M 0.283035e-C2 -0.941602E 02
0.66CE~01 0.321891E 01t 9.279209€~02 -0.958717€ G2
0.580€E~21 0.29820%€ 0} 0.275476E-02 ~0.94T7T776€ 02
0.,700E-~01 0.275587€ 01 0.271912E-G2 -0.916727E 02
01720£~01 0.25362%€ 01} 0.268451E~02 -0.901504E 02
0. 740E~01 0.232006€ 01 0.265045€-02 -0.898730€ 02
04 760E-01 0.210565¢ 01 0.2616665-02 -0.902924€ 02
0.7802-~01 0.189218€ 01 0.2583036-02 -0.910746€ 02
0.800€-01 0.167922€ 01 0.256947E-02 -0.920603E Q2
0.820E-~01 0+ 146655E 0} Re251596E~02 -0.931652€E C2
0.840E-~01 0.125972€ 01 0.2483366-02 ~0.917858€ 02
0.8606~01 0.106469€ 01 0.245263E-02 -G.876121F 02
0,880E-D1 0.878832E 00 0.262334E-02 -0.0844811E 02
0.900E-21 0.897396E 00 0.239479€-02 -0.833584E 02
0.920€-01 0.558535¢ 00 023728702 -0.645101FE 02
0:940E-01 0.581184E 00 0.227653E-02 0.105506€E 02
0.960E-01 0. 495345€ 00 0.236300€-02 -0.4000STE 02
01980€-01 0.561171¢ 00 0.237353€6-02 0.307807E 02
0:100€ 00 0.455006E 00 0.2356996-02 -0.495953E 02
04102€ 00 0.518027€ 00 0.236704E=02 0.295493E 02
0.104€ 00 0.405923¢ 00 0.2349415-02 ~0.525393€ 02
32
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DENSITY
0.293700£-02

oPT
PSt

0.197868€ 01
0.147097¢ 01
0.108774E 01
0.754226E 30
0.438C89E 00
0.200864€ 00
0.676167E~-01
0.151576E-01
0.137293€-01
0.462170E-02
0.225027€-01
0.37058465-01
0.697826€-02
0.149998£-01
0.742593€-02
0.126712€-01
0.397179E-01
0.203416€-03
0.192553E-02
0.181131£-01
0.121258€-01
C.175133€-01
0.211185€-01
0.222703€-01
0.122712€-02
0.571343€-0}
0.574359€-01
0,633408E-01
0.735537E-01
0.806444E-01
0.867211E-01
0.873821£-01
0.893504E-01
0.861632€-01
0.7958656E-01
0.759941E-01
0.745802E-01
0.743061€-01
0.766232E-01
0.752511€-01
0.760488E-01
0.728650E-01
0.655855€-01
0.602659E-01
0.579870€-01
0.344326E-01
0.938997€-03
0.131813E-01
0.796830€-22
0.202125€-01
0.732937¢~-02
0.226126E~-04
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Model 40 Shot 572 10 bsi
AREAL VOLUME TIME PRE SSURE
0.264E 00  0.370400E 01  0.200000E-02  0.147000€
TIME PRESSURE DEN3 u2
SECONDS PS1 UE-S2/F4 £PS
0,2006-02  0.175340E 01  0.256758E-02  0.720838E
0.400E~02  0.342911€ 01  0.279385€-02  0.63342SE
0V600E~02  0.496615E 01  0.300133E-02  0.541952€
0s80CE-02  0.630456E O1  0.318247E-02  0.446425E
0+200E-01  0.741745€ O1  0.333356E-02  0.3552S7E
0,1206~G1  0.832068E 01  0.345634€-02  0.278258E
04140E-G1  0.903745€ 01  0.355376E-02  0.214539E
0.160E~01  0.956032€ 01  0.3624806-02  0.153078€
04180E~01  0.98702S5€ 01  0.366691E-02  0.893267€
0L200€~01  0.980531E 01  0.3657226-02 -0.185512E
04220E-01  0.998746E Ol  0.3681956-02  0.520R6SE
0.240E~01  0.988922E O1  0.366730E-02 -0.279389¢
0i260E-01  0.100929E 02  0.369492E-G2  0.580403E
0.280E~01  0.999089E 01  0.367971E-0C2 -0.289037&
0.3606~01  0.101906E 02  0.370677E-02  0.56b6T46E
0.320E~01  0.100707€ 02  0.368890E-02 -0.3385%6E
0.340E~01  0.102701€ 02  0.371589E-02  0.564058E
04360E-01  0.101447E 02  0.369723E-02 -0.352885E
0.380E-01  0.103386E 02  0.372345E-02  0.546831E
0,400E-01  0.102030€ 02  0.3703286-G2 -0.380570F
0.420E~01  0.103972E 02  0.372952E-02  0.546381E
0i440E~01  0.102468E 02  0.370717€-02 -0.421212€
0s460€~01  0.102746E 02  0.371093E-02  0.782096E
0+480E-01  0.997337€ 01  0.36661BE-C2 -0.853004E
0.500E~01  0.963494E 01  0.361589E-02 -0.9724T1E
0.520E-01  0.927T031€ O1  0.356171E-02 -0.106450E
0:5406~01  0.890988€ 01  0.3508156-02 -0.106833E
0AS60E~01  0.858451E 01  0.345981E-02 -0.977169E
0.580E~01  0.829426E 01  0.341668t-02 -0.882143E
0.600€~-01  0.800665E 01  0.337395€-02 -0.885162E
0.620E~01  O0.770644E Ol  0.332934E-02 -0.936651E
0L640E~01  0.740042E 01  0.328387E-02 -0.968219E
0.660E~01  0.709159€ 01  0.323798E-02 -0.991116€
0.680E-01  0.678144E 01  0.319189E-02 -0.100986E
OsTO0E-01  D.648111E 01  0.314727E-02 -0.991614E
0.720€-01  0.619688E 01  0.310503E-02 -0.950948E
0L740E-01  0.592124E 01  0.306408E-02 -0.934433E
0.760€-01  0.565000E 01  0.302377E-02 -0.931751E
OL780E-01  0.538099E 01  0.298380E-02 -0.936493E
0L800E-01  0.511631E 01  0.294447E-02 -0.933696E
04320E-01  0.485740E 01  0.290600E-02 -0.925391E
0,830E-01  0.460176E 01  0.286802E-02 -0.925809E
0L860E~01  0.4347T78E 01  0.283U28E-02 -0.932135E
0s880E-01  0.409464E 01  0.279267E-02 -0.961573E
04900E~01  0.384197€ 01  0.2755126-02 -0.952723E
04920E-01  0.359739€ 01  0.2T1878E-G2  -0.934452E
0L940E~01  0.337262E 01  0.268538E-02 -0.869060E
0s960€~01  0.316608E 01  0.265469E-02 -0.807630E
01980E~01  0.296811F 01  0.262528€-02 -0.7826u5E
0.1006 00  O0.2TT7383E 01  0.259641E-02 -0.776674E
0L102E 00  0.258106€ 01  0.2567TTE-02 -0.779193E
04104E 00  0.238893E 01  0,2539226-02 ~0.785367E
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Table III. Continue

- .- P

02

DENSITY
0.333800€E-02

oPY
PSi

0.417152E 01
0.349113¢ 01
0.273895E 01
0.196972E 01
0.130742E 01
0.832226E 00
0.509069E 00
0.264910€ 00
0.916211E-01
0.438008E~02
0.313762E-01
0.997056E-02
0.390544€E-01
0.107079E-01
0.373480E-01
Ne147324E-01
0.370798E-01
0.160643E-01
0.349239€E-01
0.186942E-01
0.349248E-01
0.229292E-01
0.716487€-03
0.,929922E-01
0.119119€ 00
0.140484E 00

0.1393565E 00
0.1i5072€ 00
0.926719E-91
V.921388E-01
0.101774E 00
0.107241E 00
0.110783€ 00
0.113358E 00
2.107788E 00
0.978274E-01
0.932233£-01
0.914715E-01
0.911804E-01
0.894437E-01
0.867163E-01
0.856599E-01
0.8556884E-01
0.862651€-01
0.871262E-01
0.827211E-01
0.706971E-01
0.60374TE-D1
0.560796€E-01
0.546154E-01
0.543633E-01
0.546130E-01
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Table 1I], Continued

AREAL volyng  Model 40 L. Shot 577 R deésume
0.264E 00  0.370400E 01  0.200000E-02  0.147CO0E 02
TIME PRESSURE DEN3 u2
SECONDS PSI UE-S2/Fé FPS
04200E-02  0.23C327E 01  0.262434E-02  0.905970E 03
0L400E-02  0.487529E O  0.294184E-02  0.880733E 03
0,600E-02  0.757668E O1  0.326833E-02  J.818998E€ 03
04800E-02  0.101186E 02  0.357555€-02  0.70267:° 03
0.100E-01  0.123963FE 02  0.385165€-02  0.586605€ 03
0,120E-01  0.143195E 02  0.408603E-02  0.466082F 03
0.1640E-01  0.159016E 02  0.427941E-02  0.365182E€ 03
0s160E-C1  0.171821E 02  0.4436026-02  0.285523F 93
0.180E-01  0.181B06E 02  0.455809£-02  0.216121E 03
0s200E-01  0.189017E 02  0.464617€-02  0.152552€ 03
0.220E-01  0.193448E 02  0.470026€E-02  0.922286F 02
0.240E-01  0.194820E 02  0.471698E-C2  0.282618F 02
0.260E-01  0.195816E 02  0.472911E-02  0.204335f 02
04280E-01  0.197499€ 02  0.474959E-02  0.344197F 02
0.300€-01  0.198514E 02  0.476192E-02  0.206631f 02
0.320€-01  0.200195€ 02  0.478233E-02  0.341146F 02
04340E-01  0.201202E 02  0.479455E-02  0.203S67€ 02
04360€-01  0.202502E 02  0.481C30E-02  0.261849F 02
0.380E-01  0.201353E 02  0.479448E-02 -0.230912E 02
0.400E-01  0.204118E 02  0.48279SE-02  0.556334E 02
00420E-01  D0.202099E 02  0.480G18E-C2 -~0.40614SE 02
0s440E-01  0.205198E 02  0.6483766E-02  0.621851F 02
0,460E-01  0.20325SE 02  0.481097€-02 -0.387565E 02
04480E-D1  0.203800FE 02  0.401757E-02  0.109106E 02
045006-01  0.199338E 02  0.475629€~02 -0.899T40F 02
0A520E-01  D.1964936E 02  0.469583E-02 ~0.899249F 02
0.540€-01  0.190560E 02  0.463574E-02 ~-0.905629E 02
OLS60E-0i  0.186234E 02  0.457633E-02 -0.906655E 02
01580F-01  0.182019E 02  0.451845E-02 ~0.834740F 02
0.600E-01  0.177904E 02  0.646193E-02 -0.884536E 02
0.6206-01  0.173833E 02  0.440603E-02 -0.886138E 02
0.640E-01  0.169782E 02  0.435039E-02 -0.893173€ 02
0L660E-01  0.165621E 02  0.429324E-02 =-0.929845E 02
OL6BOE-07  0.161268E 02  0.423346E-02 -0.9865693E 02
0L700E-C:  0.156799€ 02  0.417210E-02 =-0.102805E 03
0L720E-01  0,152276E 02  0.410999E-02 ~0.105648E 03
0.740E-01  0.147727€ 02  0.4047526-02 ~0.i07915E 03
0.760E-01  0.143213E 02  0.398552E-02 -0.108763E 03
0.780E-01  0.138922E 02  0.392659E-02 ~3.104921€ 03
0.800E-01  0.13491SE 02  0.387156E-02 -0.993248E 02
01820E-01  0.131056E 02  0.381857E-02 ~-0.969493E 02
0,840E-01  0.127272E 02  0.376659E-02 ~-0.964102E 02
03860E-01  0.123522E 02  0.371511E-02 -0.968274€ 02
0.880E-01  0.119791E 02  0.366386E-02 -0.977281€ 02
0L900E~01  0.116068E 02  0.361274E-02 ~0.988792E 02
0,920E-01  0.112439€ 02  0.356290E-02 -0.97744TE 02
0L940E-01  0.109046E 02  0.351631E-02 -0.925508E 02
00960E-01  0.10587SE 02  0.34T276E-02 -0.87ST12E 02
04980E-01  0.102806E 02  0.343061E-02 -0.85795SE 02
0,100E 00  0.997808E Ol  0.333906E-02 -0.856104E 02
04102E 00  0.S6T738E Ol  0.2347776-02 -0.861385E 02
0.104E 00  0.937749€ 01  0.330658E-02 -0.869806E 02
34
. | -

DENSITY
0.4218C0E-02

oPY
PS1

0.649548E 01
0.681123€ 01
0.651329E 01
0.525325E 01
0.393174€ 01
0.266084E 01
0.172487€ 01
0.108922¢ 01
0.642600E 00
0.327305¢ 00
0.121500€ 00
0.115161E-01
0.603729€-02
0.i71662€E-01
0.620824E-02
2.1695785-01
0.605914E-02
0.1C0461E-01
0.890080€-02
0.453628€~01
0.273339E-~01
0.567629€-01
0.251912¢-01
0.175151E-02
0.136284E 00
0.132433€ 00
0.132537¢ 00
0.131193€ 00
0.126158€ 00
0.121760€E 00
0.120649E 00
0.121061E 00
0.129440E 00
0.143677¢€ 00
0.153671E 00
0.159840€ 00
0.164208E 00
0.164234€ 00
0.150619€ 00
0.133140F 00
0.125129€E 00
0.122061€E 00
G.121434E 00
0.121991¢ 00
0.123130E 00
0.118669€ 20
0.105031€ 00
0.920884E-01
0.860832€E-01
0.0866419E-01
0.866438E-01
0.872566E~01
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sable IV, Fill Parameters for Model 42

0S5 MAR 73 PAGE 1

MAR. 5073 BRLESC2 FORTRAN. CT 16..47
d T8-175 COULTER-BAITY CHFBRL 4911 1® .
Model 42
Shot 5-71-3 5psi

ARE! } VCLUME TIME PRESSURE DENSITY
0.549E 00 0.466750¢t 02 0.500G00€E-02 0.149800E 02 0.284400€E-02
TINE PRESSURE DEN3 u2 ory !
SECONDS St UE-S2/F4 FPS sl i
0.500€-02 0.460720€ 0OC 0.251503E-02 0.482794E 03 0.188320E 01
0.100£-01 0.903133¢ CO 0.257940€E-02 0.453439€ 03 0.169764F 01
0.150E-01 0.132236€ C1 0.263947E-02 0.42130%C 03 0.149552€ 01
0.200€E-01 0.171323¢ C1 0.269557€-02 0.386122¢ 03 0.127957€ 01
0.250€E~C1 0.208153t 01 0.2764843E-02 0.357763€ 03 0.111726€ 01
0.300E-01 0.243375¢ Ol 0.279892E-02 0.336436€ 03 0.109355€ 01
0.350E-GL 0.276846E C1 0.284686E-02 0.314770E 03 0.891372€ 00
0.400€E-21 0.308418E 01 0.289204€E-02 0.292698E 03 0.781303€ 00
0.450€-01 0.337939¢ 01 0.293427€-02 0.270127€ 03 0.673886E 00
0.500E-0C1 0.365245E 01 0.297332E-02 0.246926E 03 0.569654E 00
0.550€-01 0.390253€ 01 0.300908E-02 0.223760E 03 0.472741€ 00
0.600€-31 C.412876¢ 01 0.306143E-02 0.20048%E 03 0.383154E 00
0.650E-01 0.433007€ O1 0.307022E-02 0.176921€ ©3 0.300918E€ 00
0.700€-01 0.450519€ 01 0.309527€-02 0.152786E 13 0.226103€ 00
0.750€-01 0.465593€ 01 0.311683E-02 0.130670E 03 0.166452¢€ 03
0.800E-01 0.4T8472E 01 0.313525€-02 0.111006E 03 0.120788€ 00 ‘
0.850€E-01 0.488729€ O1 0.314992€-02 0.880057: 02 0.762746E-01
0.900€-01 0.495617E 03 0.315978£-02 0.588953E 02 0.342872€-01 f
0.950E-01 0.500188t 01 0.316631E-02 0.3898°,7¢ 02 0.150615€E-01
0.100E 00 0.504731€ 01 0.317281E-02 0.386535E G2 0.148294E-91 i
0.105€ 00 0.506263E 01 0.317500€~02 0.13G201€ 02 0.168531€~-02 1
0.110E€ 0O 0.501969¢ 01 0.316820E-02 -0.36510VE 02 0,146T7T15E-01 H
0.115€ 00 G.5301024€ 01 0.3166T0E-02 ~0.804541E 0L 0.712003€-03
0.120E 00 0.505397€ 01 0.317295€-02 0.371961€ 02 0.137364E-01
0.125€ 00 0.507049€ 01 0.317531€E-02 0.140323E 02 0.195801€E-02
0.130E€ 00 0.503519€ 01 0.316972€E-02 -0.299900E 02 0.990544E-02
$.135¢ 00 0.505878E 01 0.317310E-02 0.200552¢ 02 0.399684E-02
0.140E 20 0.509157E 01 0.3177786-02 0.278288€ 02 0.770227€-02
0.145€ 00 0.507230€ 01 0.317473E-02 -0.163375E 02 0.294416€-02
0.150€ 00 0.504046E 01 0.316969€-02 =0.270455E 02 0.805601E-02
0.1SSE 00 0.503614E 01 0.316900E-G2 -0.367194E 01 0.148391E-03
0.160E 00 0.506900€ 0O 0.317370€-02 0.279265E 02 0.775019E-02
0.165€ 00 0.509002¢ O} 0.3176T70E-02 0.178333E 02 0.316411E-02
0.170€ 00 0.510683F 01 0.317911€E-02 0.142514E 02 0.202223e-02
C.175€ 00 0.512456€ 01 0.318164€-02 0.150128E 02 0.224540E-02
0.180€ CO 0.51426G0€ 01 0.318413E-02 0.147612€ 02 0.217214E-02 :
0.18%E 00 0.503272€ 01 0.316668E-02 -0.942397€ 02 0.971566£-01 |
0.190: 00 0.485373€ 01 0.3138516-02 ~0.155648E 03 0.258986E 00 :
0.195€ 00 0.463446E 01 0.310381E-02 -0.196544E 03 0.402888E 00 - :
0.200€ 00 0.438473E O1 0.306430E-02 -0.229747€ 03 0.5343%9€ 00 ’ i
0.205¢& 00 0.411691€ 01 0.302192E-02 ~0.252367€ 03 0.63184TE 00 '
0.210E 00 0.383970E 01 0.297805E-02 -0.266895E 03 0.691667E 00
0.215€ 00 0.355443€ 01 0.293291E-02 -0.280787E 03 0.T48795E 00
0.220€ 00 0.326225¢ 01 0.288667€E-02 -0.294221€ 03 0.803657E 00 .
0.225€ 00 0.297262€ 01 0.284084E~-02 -0.296739E 03 0.803434€ 00 "
0.230E 092 0.269413€ 01 0.279677TE-02 -0.288613€ 03 0.751403E 00
0.233€ 00 0.242611€ 01 0.275436E-02 ~0.280932€ 03 0.703886€ 00
0.240E 00 0.2i6794E 01 0.271351E-02 -0.273699E 03 0.660575E 00
0.245E 00 0. 192440€ 0O} 0.267497E-02 -0.260198E 03 0.592383E 00
0.250€E 00 0.170067E 01 0.263957€E-02 -0.240021€ 03 0.502018E 00
0.253E €0 0.149634E O} 0.260724E-02 -0.2.0040€ 03 0.420308E 00
G.240E 00 0.131106€ 01 0.257792€-02 ~0.200239€ 03 0.344844€ 00

38
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AREA]
0.586€ 00

TIME
SECONDS

0.500€-02
0.100€-01
0.150€-01
0.200E-01
0.250€-01
0.300€-01
0.350E-01
0.400€-01
0.450€-01
0.500€-01
0.550E-01
0.6L0E~-01
0.650€-91
0.700E-01
0.75CE~-ul
0.800€-01
0.850E-01
0.900€-01
0.950€-01
0.100€ 00
0.105€ 00
0.110E 00
0.115E 0C
0.120€ 900
0.125€ 00
0.130E 00
0.133€ GO
0.140€ 00
0.143E 00
0.150€ 00
0.155€ 00
0.160E 00
0.185€ 00
0.170€ 00
0.173€ 00
0.180E 00
0.183€ 00
0.190E 30
0.195€ 00
9.200€& 00
0.203E 90
0.210€ 00
0.215€ 00
0.220E
0.225€
0.230¢
0.235€
0.240€
0.245E
0.250€
0.253¢€
0.260¢

VOLURE
0.466T00E

PRESSURE
PS1

0. T30345€
0.1542R2E
0.228462E
0.306317€
0.3569592¢
0.436055€
0.499565¢
0.560003€
0.617110E
0.670629¢
0.720484¢
0.766608E
0.080934SE
0.869112¢
0.885904€
0.319743€
0.950257€
0.977013E
0.999974F
0.101909¢
0.103429¢
0.104543E
0.105222¢
0.105106€
0.105570¢
0.106004E
0.106431€
0.106857¢
0.107032¢
0.106745¢
0.107073€
0. 106745€
0.107180¢
0.107382E
0.107621¢
0.107838¢
0. 107684€
0.107971E
0.106656E
0.1045621€
0.102212¢
0.995781¢
0.967410¢
0.937200€
0.9035884F
0.874060¢
0.842181E
0.810642¢
0. TT9816E
0.750033¢€
0.721022¢€
0.692418€

Table IV. Continued
Mod=1 42
Shot. 5-~73-" iCpsi

TINE PRESSURF
02 0.500000E-02 0.149100E 02

DEN3 u2

UE-S2/F4& FPS

(+]+] 0.256482E-02 0.719278E 03
o1 0.266718£-02 0.67T7T1i97E 03
01 0.276669E-02 0.636490FE 03
Gl 0.286304E-02 0.597120€ 03
ol 0.29559E-02 0.558883E 03
o1 0.304496E-02 0.521720€ 03
o1 0.3130C4E-02 0.486067€ 02
01 0.321099€-02 0.451857€ 03
01 0.328747E-G2 0.417929¢ 03
ol 0.335917€-02 U«384161E 03
o1 0.342590E~C2 0.351591€ 03
o1 0.348780£-02 0.320112E 03
(13 0.3545008-02 0.292223¢ 03
(]} 0.359832€-02 0.268046E 03
ol 0.364755€-02 0.244829E 03
o1 0.3869280€E-02 0.222508€ 03
ol 0.373358€-02 0.198566E 03
o1 0.37693%E-02 0.172546€ 03
o1 0+.380004E~-02 0.146925¢€ 03
02 0.382559€-02 0.121522€ 53
02 0.384590£-02 0.9560844F 32
02 0.386080¢€-02 0.701593F 02
02 0.386987£~-02 0.425709E 02
02 0.586810E-02 ~-0.T26031E 01
02 0.387430€E-02 0.290%02€ 02
02 0.38000%-02 C.271313F 02
02 G.338580E~02 0.266591€ 02
02 0.309140€-02 0.265354€ 02
02 0.339382¢-02 0.109087€ 02
02 0.3889%47€-02 -0.177928t 02
02 0.309387€-902 0.205489E 02
02 0.3888856-02 -0.205580% 02
02 0.389483E-02 0.270679E 02
02 0.389734E-02 0.12%5347: 02
02 0.390053E-02 0.149576E 02
02 0390342802 0.134T74E 02
02 0.390108E-02 ~0.9%67T03€ 0}
02 0.390490€-02 G.178053E 02
02 0.388493E-02 -0.821198€ 02
02 0.3854026-02 -0.129127€ 03
02 0.301743€£-02 -0«155362¢ 03
o1 0.3777428-02 ~0.172551€E 03
o1 0.3734338-02 -0.188932E 03
01 C.368843E-~02 -0.2064944E 03
ot 0.364006E-02 -0.216051€ 03
o1 0.3592528-02 ~0.223147€ 03
o1 0.354410E-02 -0.226916€ 03
o1 0.349619~02 ~0.227641E€ 03
01 0.3449376-02 ~0.225298€ 03
()} 0.340416£-02 ~0.219962€ 03
o1 0.336006E~02 ~0.217121€ 03
o1 0.331601E-02 -0.216T702€ 03

39

DENSITY
0.335400€-02

oPY
PSt

0.416995€ 01
0.383347€ 01
0.350320€ 01
0.318189€ 01
0.287014E 01
0.256984E 01
0.228725€ 01
0.202293E 01
0.176792€ 01
0.152336E 01
0.129906€ 01
0.109454E 01
0.925674E 00
0.789346E 00
0.666589E 00
0.556797€E 00
0.44T918E 00
0.361273€ 00
0.249382€ 00
0.171734E 00
0.107950E 00
0.578043E-01
0.213491€-01
0.708252€-03
0.995729€-02
0.869658€E-02
0.841672€E-02
0.832885E-02
0.141096E-02
0.427872€-02
0.500511€-02
0.571134E-02
0.867173E-02
0.186461€E-02
0.262123€-02
0.215827€E-02
0.124040E~02
0.376766E-02
0.907302€-01
0.220721€ 00
0.314416€ 00
0.381851¢& 00
0.450186E€ 00
0.520280E 00
0.56837SE 00
0.%5966238 00
0.607721€ 00
0.603165€ 00
0,583447E 00
0.550008E€ 00
0.529533€ 00
0.520751€ 00
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AREA]
0.549E 00

TIME
SECONDS

0.500€-02
0.100€E-01
0.150E-01
0.200€E~-C1
0.250€-01
0.300€-01
0.350E-01
0.400E-01
0.450€-C1
0.500€-01
0.550E-01
0.600E~-01
0.650E-01
2.700E-01
0.750€-01
0.800€-01
0.850£-01
0.900€-01
0.950E~-01
0.100€ 00
0.105€ 00
0.110€ 00
0.115¢ 00
0.120€ 00
0.125€ 00
0.130€ 00
0.135E 00
0.140E 00
0.145E 00
0.150€ 00
C«155€ 00
0.160€ 00
0.165€ 00

0.170€ 00
0.175€ 00
0.180€E 00
0.185€ 00
0.1°0€ 00
0.195€E 00
0.200E GO
0.205€ 00
0.210€E 20
0.215€ 00
0.220€ 00
0.225¢€ GO
0.230€ 00
0.235€ 00
0.240€ 00
0.245E 00
0.250€ 00

VOLUME
0.466700E

PRESSURE
PSI

0.958799E
0.196370€
0.301523E
0.411371¢
0.522681E
0.631807€
0.738325E
0.8413857E
0.942072E
0.1038643E
0.113142€
0.122010€
0.130452€
0.138454E
0.146003E
0.153090E
0.159705€
0.165842€E
0.171496E
0.176663E
0.181338€
0.185518¢
0.189199E
0.192377E
0.195045E
0.197196€
0.198813E
0.19986S5E
0.200722CE
0.199800E
0.200232¢
0.199800F
0.200232€

0.199800E
0.200232€
0.1998C0E
0.200232¢
0.199800E
0.200232€
0.199800E
0.200232¢
0.199800E
0.2060232€
0.199800E
0.200232¢
0.199800¢E
0.200232E
0.199800E
0.200232¢
0.199800E

Table IV. Continued
Model 42  Estimated 20psi
TIME PRE SSURE
02 0.500000E~92 0.168630E 72
DEN3 u2
UE~S2/F 4 FPS

00 0.258184E-02 0.905353€ 3
o1 0.270766E-02 0.894151€ (3
o1 0.283742E-C2 0.882413€ 73
ot 0.297154E-02 0.870124€ -3
o1 0.310546E-02 0.838926F 53
o1 0.323725€-C2 0.789632% §3
o1 0.336590E-02 0.742180€ 3
r1 0.349093€-32 0.696529F .3
o1 0.361196E-02 0.652647E 03
02 0.372863E-C2 0.610487E 03
02 Co386064E-02 0.569995€ ~3
c2 0.394773E-02 2.53112%€ 33
02 0.4064968E~02 0.493744E C3
02 0.415632E-02 0.457837€ (3
02 0.423749E-02 0.423299€ 3
02 0.422307€~02 0.390%44E -3
02 0.440297€E~C2 0.357982€ 3
02 0.447709E~02 0.327720E £3
02 0.654537E~G2 0.297761€ "3
02 0.4607T7€~22 0.2683°7¢ °3
02 0.666423E-C2 0.239753E "3
c2 0.4714T1E~02 0.212188€ ©3
62 0.475916E-02 0.185192E (3
02 0.4T9TS4E-C2 0.158626E "3
02 0.482977E-C2 0.132322€ 13
02 0.485574E-02 0.106739¢ 3
02 0.487527€~C2 0.793894E 2
02 0.488797E-C2 0.514625€ 02
02 0.489226E~C2 0.173i86F 02
02 0.488627E~C2 -0.204929F 72
02 0.489159E-32 0.210934E 72
02 0.488554E~02 -0.2106496E 02
02 0.48907SE-02 0.2105S97€ 02
02 0.488470E-02 -0.219491E 92
02 0.488991E-02 0.210618€ 02
02 0.488386E-02 -0.210510€ C2
c2 0.488907E~02 0.210638E €2
c2 0.488302E~-02 ~0.210539€ ©
02 0.488823&-62 0.210657€ 92
02 0.488219€-02 ~0.210549€ (2
02 0.488740L~C2 0.21067TE 22
02 0.488135E-32 ~0.21CS68E G2
02 0.488656E-02 0.210696E 02
02 0.488052E-02 ~0.210588€ 02
02 0.488573E~G2 0.210715€ €2
02 0.%37969E-02 -0.2106-T€ 22
02 0.683490€-02 0.21073SE C2
62 0.487885E~02 <-0.210626E 02
02 0.488407€-02 0.210754E (2
c2 0.487802E-72 ~0.210645E C2

40

DENSITY
Je4&2100%E-22

orT
PSl

0.651658€ 91
0.664663E J1
Je676435E 1
3.686839E 1
0.666223F (1
0.614792¢ J1
2.564037E C1
9.51645C6€ 171
3.466639€ (1
0.420778E 21
C.377176t C1
7.336G11€ 21
0.297395€ 01
0.261385€ 31
G.227994L 1
J.1972C1€ 1
0.168958¢ C1
0.143197¢ 1
G.119837¢ 21
€.987915€ 20
0«799689€ )9
(.632794E 30
J.486373€ TO
C.355645C 20
0.251932¢ C°¢
0.162698t 920
0.916030€-11
0.386201€-21
G.438326E-C2
C.713133E-C2
C.650137¢e-C2
0.7522C7€-02
0.648062E-02
0.752043€-02
0.648194E-02
0.752053E-02
0.648313E-C2
J.752263E-C2
0.668432E-02
J752072€-02
0.668552E-02
C.752082€-22
0.648671E-02
0.752091E-02
C.648790E-02
C.752iC1€-02
0.648909E-G2
0.752110E-02
C.649G27€E-32
0.752120€-C2
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The force exerted by the air flow upon the cylinder is written as
Equation (1}.

F = Cp A. Q, where 1

C, is the experimentally determined coefficient of drag as a function
of the air flow Mach number, Ac is the projected cross-sectional area

of the cylinder, and Q is the dynamic pressure of the air flow, found
from Equation (2).

Q = 1/2 pv2, where )

both the density, p, and the air speed, v, were allowed to vary as in
Equation (3) and (4).

P =Py * (PFill - 91) t/tginls 3)

here pj is the ambient density before filling the room and pfjj} is the
air density to which it fills. The ratio, t/tg;11, is elapsed time to
total fill time for the room. ¢ was varied in a similar way.

U = Upax = (Umax) t/tgills (4)

where upax is the initial maximuwm air speed as filling begins and goes
to zcro vher the room has filled. The equations are not valid for
times greater than the fill time.

The coefficient of drag varied as Equation (5).

Cp = Cpax - (Cmax - C1) t/tfi11, )

vhere Cy,x is the value for maximum air speed and C; is the lower
limit for the minimum drag ccefficient. These values are plotted as
Figure 20. See also Ref. 5 and 6.

Acceleration is then given by
a = £n Q Ac/m, where (6}

m is the mass of the cylinder exposed to the flow. Incremental calcul-
ations for velocity and displacement can be made for a time At. A
value of At gbout equal to tg;33/20 gives sufficiently closed-spaced
values for the motion pariseters.

Predictions of the cylinders motion for e.ch model tested, and
also for an example of a full size basemesnt shelter, are given for
input shock over pressures of 5-2G psi. Those for the models are shown
in Tables V and VI and Fig. 21-26. Predictions for the full size
basements are given in Appendix F.
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G VL N

Time,sec

.00100
.00200
.00300
.00400
.00500
.00600
.00700
.00830
.00900
.01000
.011090
.01200
.01300
.01409
.01500
.01600
.01790

.00100
.00200
.N0300
.00400
.00500
.00600
.00700
.00800
.00900
.01000
.01100
.01200
.01300
.01400
.01500
.N1600
.01700
.01800
.01900
.0200¢
.02100

.00200
.00400
.00600
.00800
.01000
.01200
.01400
.01600
.01800
.02000
.N2200
.02400

Table V.

Distance, ft

.000666
.00192
.00369
.00589
.00847
.01136
.01450
01785
.02137
.02501
.02873
.03252
.03635
.04020
04407
.04793
.05179

Shot 572

.00208
.00600
01155
.01851
02672
.03598
.04617
.05712
.06872
.08085
09342
.10633
.11950
.13288
<146412
.16003
«17372
-18744
.20118
.21493
.22867

Shot 577

.01307
. 04035
.0785¢C
.12478
17696
.23324
.29222
35284
41434
47622
.33821
.60921

47

S psi

.00000
66986
+23679
.76649
.20457
.57661
.88813
.14461
.35148

W I W W W W WW W RN NN =

10 psi

.00000
2.08058
3.92324
5.54635
6.96740
8.20306
9.26926

10.18117
10.95325
11.59931
12.13251
12.56542
12.90998
13.17759
13.37911
13.52485
13.62462
13.68774
13.72302
13.73881
13.74301

20 psi

4.53156
12.08453
17.90085
22.27722
25.47468
27.72315
29.22496
30.15779
30.67677
30.91630
30.99127
30.99799

Motion Predictions for Model 40
Shot 569

Velccity, ft/sec Acceleration, ft/sec2

669.86310 ;
586.93592 .
509.69365 .
438.07990 :
372.03910
311.52094
256.47934
206.87238
162.656228
123.815.9
90.30166
62.09557
39.17513
21.52228
G.12284
1.56641
04640

2080.58493
1842.66474
1623.10544
1421.04520
1235.66792
1066.19946
911.90399
772.08078
646.06114
533.20560
£32,90132
344.55968
267.61405
201.51766
145.74168
99.77341
63.11456
35.27967
15.79463
4.19530
02617

- A ST i,

6013.64942 i
3105.80021 e
2351.08489
1731.04238
1229.60016 :
832.58625 i
527.33311 /
302.35347
147.07270
51.60671
6.57681
2.95563

|
..
Jan

o



Table VI. Motion Predictions for Model 42
Shot 3-73-3 Spsi
Time,sec Distance, ft Velocity,ft/sec
.010C0 .04897 3.39113
.02009 .15133 9.06674
.03900 29456 13.44227
.04000 .46807 16.71229
.05000 .66301 19.05603
.06000 .87220 20 64C17
.07300 1.08997 21,62139
.080600 1.31214 22,14851
.N9000 1.53596 22.36449
.10000 1.76004 22,.40824
Shot 5-73-6 10psi
.01000 .15824 10.98767
.02000 48692 29,.15310
.03200 .94553 43,05478
04000 1.50135 53.50815
.05000 2.12804 €1.18249
.06000 2.80%60 66.63500
.07000 3.51456 70.33584
.08000 4,24533 72.68658
. 09000 4,98765 74 ,03469
.10000 5.73521 74.68322
.11000 6.48432 74,89987
.12000 7.23358 74.92276
Estimated 20psi
.01000 .33799 23.61066
.02900 1.02925 61.56092
.03000 1.98177 89.68717
.04000 3.12518 110.31112
.05000 4,40539 125.17205
.06000 5.78092 135.60571
.07000 7.220172 142.66057
.08000 8.69254 147.17569
.09000 10.20154 149.83377
.10000 11.71566 151.19813
.11000 13.23348 151.73856
12000 14.75198 151.84956
43
—

2
Accel.,ft/sec

602.63160
467.54344
352.33537
255.39463
175.40402
111.30242
62.25415
27.62541
6.96681 . :
.00107 ;

1934.70696
1485.78838
1122.58405
829.48486
594.56092
408.57068
264.26611
155.89590
78.84369
29.35989
4.35925
1.26504

Wty Wt T

§075.55450
3025.93824
2225.97704
1611.90000
1139.80640
778.63024
505.83806
304.70235 - !
162.51672 '
69.39162
17.41764
.06669
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Figure 21. Predicted Translation for Cylinder-Model 40
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ACCELERATION, FT./SEC2
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Figure 23. Predicted Acceleration for Cylinder - Model 40
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TRANSLATIONAL VELOCITY FT/SEC
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4000
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Figure 26.

Predicted Acceleration for Cylindec-Model 42
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V. SIMMARY AND CONCLUSIONS

Results obtained from the exposure of two 1/12th scale model base-
ment shelters to shock waves are summarized in Part A. The results
obtained and conclusions reached from the experiments are applied in
Part B to several cases of full size basement shelters.

A. Summary of Experiments

Two 1/12th scale models of basement shelters were built to simulate
full size basements which would hold a maximum of 80 and 1000 shelterees.

The models were then exposed to range of input shock waves, Pg = 5-20 psi,

from the BRL Shock Tubes.

Small nylon cylinders were placed inside the models and exposed
at various floor locatiuns, including areas of high speed air flow.
High speed photography was used to record the motion of the cylinders
guring the air flow into the models from the shock tubes.

Predictions of the interior flows within the model were made by
ymputer codes with two-dimensional assumptions. These were found to
. 2present sufficiently the vesults from the actual three-dimensional
sodels tested.

A general trend was observed from a study of the two scaled models.
For an increase in the V/A ratio, there was a corresponding increase in
flow duration available for translation of objects inside the shelter.
A scaled duration is assumed for the input shock waves. This is
illustrated by comparing the V/A values and the translation calculations
for the two models. Model 40 has a V/A cf 14 feet and Model 42 one of
85 feet, a factor of 6 between the two. The calculated filling times
are 17 msec and 100 msec respectively, a factor of 5.9. A set of maximum
translation velocities for a cylinder in the midst of the incoming flow
for 5 psi input was found >xperimentally to be 2.9 ft/sec and 14.7 ft/sec
respectively, a factor of about 5. This is somewhat less than the other

factors shown, but does illustrate that the macimum translation is closely

related to the V/A and fill times for a shelter. Predictions are given
in Part B, fcllowing this trend, for several sizes of basement shelters.

8. Predictions for Full Size Basement Shelters

Prediction of filling curves of pressure in four basement shelter
sizes (20 x 40 x 8 feet, 30 x 60 x 8 feet, 40 x 80 x 8 feet, and 70 x
144 x 8 feet) are given in Appendix F. At 10 ft2/shelteree, the shelters
would accowadate a maximum of about 80, 180, 320 and 1000 shelterees,
respectively. The basement shelters are listed in Table VII.

The jressure-time fil! predictions were made from the BRL Filling
Code, Ref. 1, for input pressures of 3, 5, 10, 15 and 20 psi. The blast

waves are assumed to have come from z 1-MT explosion, calculated from Ref.7.

55

m———

 —— o —

. I, I T




ks JEY

&
seLe 02
seL St
szl o1
§L9° S
009" 8001 | 08 "33 8XpIIX0L £ A1 3juduaseq
S¢S 0z
0ss" ST
ses’ 01
00s* S
ost* 0v9 oY "33 8X08X0Y € 111 3usuaseg
SLE* 02
e’ St
09¢ " 01
"Al-1 ‘sjusuwaseq 3zys (03 00¢ " S
. loj paumsse S 3sB1q IN-T V 042 09 oY "33 8X09X0S € I1 lusuaseq
soz° 02
se1° S1
081" ot
"AI-1 203 ‘3yBram "qr 9ST'ydTy st S
wZZ X 'BIP v/ ST UNIp I33BM ser” 091 oy "33 8X0¥X02 < 1 3usueseg
02
sz1° 01
sot* b8 w08 "Ur gXPYIX0L S ¢y 19POK
20’ 02
*3y8tom *qr 860°0 ‘UBTY .£8°1 1zo° 01
X BIP ,,82°1 XIPUTTAD UOTAN L10° PL |8S "ui 8x0Yx0Z S Ov T3POW
syzBWAY s0s TR {34°v/A 234V az1g 1sd‘Sq Judwaseq
J0
_ 19POK
SIUBWOSBY PUL STIPOK JO SUOTSUSWIQ 1IN O19e]

-~ Sage——_—— l:’

. [T S
T i




The flow parameters from the fill predictions; along with size, weight
and cvefficient of drag; were used to predict the translation of a

156 pcund cylinder 15 3/4 inches diameter x 22 inches high. {in addition,
the fill parameters for tae fourth basement were used to calculate the
translation for a 170 pound cylinder in order to exactly match the
cylinders used with Model 42.

The pressure-time filling curves and tables of corresponding motion
rarameters for the full size basement shelters are given in Appendix F.
The parameters given are maximum since the maximum incoming flow
parameters are used. Floor friction and gravity are neglected in the
given predictions.

The calculations of translation for the cyliaders were stopped at
tines corcesponding to the time for the basements to fill to the outside
blast pressure. The translation velocities were assumed maximum at the
times of fill. The cylinders were assumed to continue at these maximum
predicted velocities until the rear or other basement wall was struck.

As mentioned above, hitting the floor or ceiling -was assumed not to slow

the cylinder, although the tumbling rate was experimentally observed to
increase after such an impact of a nylon cylinder with the wooden flocr
of the basement models. Gravity and friction would of course act to
decrease these maximum values for some objects.

« Table VIII illustrates the scaling comparison for Model 42 and the
sim.lated full size basement shelter. Also, the effect of a change in
input blast wave shape is shown for comparison. The translation para-
meters have been calculated for these conditions. Figure 27 shows the
maximum translation velocity predicted for a cylinder in each of these
situation as a function of fraction of fill time. The scaled model and
full size basements are shown with the lower curve illustrating the
decreased ‘2locity because of the exponerntial type blast wave used fcr
the input. §The present experiments with flat shock waves uverestimate
the maximum glocity when applied to a true field situation with an
exponentiallySdecaying blast wave.

Figures 28 and 29 illustrate input pressure dependence and V/A
effect upon posshble object translation at the end of fil. time. For
example, for the\ -MT blast wave assumed, to stay below some maximum
translational veld\ity of say 20 ft/sec, the limits would be 10 psi
input for a sheltei\with a V/A of slightly less than 500 feet. Similar
graphs may be plottey for other input blast conditions and V/A ratios.
In this manner, maxiiywm effects might be calculated for any given base-
ment shelter situatior
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Table VIII.
A.

Prediction of Translation for a Cylinder

Model 42--70x144x8 in.--Entrance, 80 in?
1.56 oz. cylinder, 1.28 in. dia x1.83 in. high

5 psi 5 1/2 ft. shock tube

. . 2
Time,sec Distance, ft Velocity, ft/sec Acceleration,ft/sec
.01000 .N4570 3.16880 560,.53646
.02000 .14080 8.43497 430.00609
.03000 .27324 12.44621 319.20894
.04000 .43286 15.39590 226.63883
.05000 .61127 17.46307 151.07080
.06000 .80171 18.81516 91,52560
.07000 .99900 19.61037 47.24209
.08000 1.19944 19.99978 17.65641
.09001 1.40079 20.12931 2.38667
.10009 1.60223 20.14148 1.22266

B. Full Size Basement--70x144x8 ft--Entrance, 80 £t
5 psi Flat, 156 1b. cylinder, 15 3/4 in. dia

x 22 in. high

Time,sec Distance,ft velocity, ft/sec Acceleration,ft/sec2
.10000 .43790 3.01740 54,46407
20090 1.36619 8.18815 43.79302
.30000 2.68507 12.32662 34.48763
L4000 4.30787 15.56675 26.44726
.50900 6.16012 16.03283 19.58738
.60000 £.17882 19.84108 13.83752
.7000n0 10.31177 21.10097 9.13980
.8009n 12.51704 21.91649 5.44756
. 20099 14.76257 22.3872: 2.72442
1.00009 17.02586 22.60930 .943%0
1.19090 19.29373 22.67650 .08684

C. Full Size Basement--70x144x8 ft--Entrance, 80 ft/sec

5 psi 1-MT 156 1b. cylinder, 15 3/4 in. dia x 22 in. high

Time,sec Distance, ft Velocity, ft/sec Acceleration,ft/sec2
.05n00 .13994 .00000 55.97806
.10000 .39673 2.79890 46.,73701
.15000 .74958 5.13575 38.42488
.20000 1.17994 7.05699 31.00341
.25000 1.67139 8.60716 24,438691
.30020 2.20960 9.82911 18.70190
.35000 2.78223 10.76421 13.76€83
.40009 3.37889 11.45255 9.61184
L45000 3.99109 11.93314 6.21856
.50000 4,61222 12.24407 3.57191
.55000 5.23751 12.42266 1.66001
.60000 5.86398 12.50566 47400
.55000 6.49047 12.52936 .00801
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Table VIII-Continued

N, Fall Size Basement--70x144x8 ft
5 psi Flat 17C 1b cylinder, 1.28 ft dia. > 1.83 ft.high

Time,sec Distance, ft Velocity, ft/sec Acceleration,ft/sec
.100090 . 38960 2.68334 48.5078¢
20000 1.21659 7.29191 39.12192
«30000 2.39302 10.99161 30.90402
.40000 3.84218 13.89723 23.77636
.50000 5.49797 16.11606 17.67310
.60000 7.30423 17.74912 12.53906
.70090 9.21426 18.89212 8.32859
.80000 11.19042 19.63644 5.00470
.30000 13.20376 20.06996 2.53838

1.00000 15.23382 20.27787 .90804

1.10000 17.263840 20.34335 .09913

E. Full Size Basement--70x144x8 ft

S psi Flat 170 cylinder, 1.28ft.dia x 1.83ft. high

Time,sec Distance, ft Velocity,ft/sec Acceleration,ft/sec
.10n00 . 35290 2.48855 41.61791
.15000 .66704 4.56945 34.26884
.20000 1.05042 6.25289 27.694116
.25000 1.48847 7.66760 21.86757
.30000 1.96843 8.76098 16.76599
.35000 2.47932 9,.59928 12.36934
.40000 3.01186 10.21774 8.66040
.45000 3.55846 10.65076 5.62464
.530000 4.11318 10.93200 3.25010
.55000 4.67173 11.09450 1.52732
.60009 5.23140 11.17087 +44924
.65000 5.79109 11.19333 .01113
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Figure 27. Comparison of Predicted Cylinder
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76 ,
N




FRAME NUMBER

94

Figure B-5.

SHOT 570

TIME, MSEC

I54

345 6le
End View, Cylinders on Row 1--10.2 psi

”

FRAME NUMBER TIME, MSEC.

-

- e ———— . ——o——

L T S, L S

. = - ——

e e o o A S bt



SHOT 570

FRAME NUMBER

TIME, MSEC FRAME NUMBER TIME MSEC.

153 | 50.3

193 633

"3 ETE) 493 160.8

Figure B-4. Side View, Cylinders on Row 1--10.2 psi
78

PU—

-

[

e m— ——— S —— i S i, W T, P o} At SIS gt e

g —— T o——



FRAME NUMBER

Figure B-5.
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Figure C-1 Camera 1, Side View Model 42--5 psi ;
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Table D-I. Input Paramecters for RIPPLE Code Predictions--Model <

Input shock pressure, 10 psi .

Shock density, 0.00 3349 slugs/ft”°

Shocx particle speed, 436.4 ft/sec

Shock temperature, 159.48°F

Shock sound speed, 1219.3 ft/sec

Ambient pressure, 14.7 psi

Ambient termperature, 72°F

Ambient sound speed, 1129.9 ft/sec .
Ambient density of air, 0.002321 slugs/ft>
Ambient air speed, 0.0ft/sec

Notes--1. Model was assumec to be two-dimensional for purpose of
RIPPLE predictions.

2. Angie of flow is positive in upper quadrants und negative

in iower quadrants.

+180°

3. Time equals zero at room side of entrance.
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Figure D-7. Velocity Field at 4.03 milliseconds
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Figure D-10. Velocity Field at 5.65 milliseconds
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APPENDIX E }

FREDICTION OF VELOCITY FIELDS-MODEL 42 § %
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TABLE E-I. Input Parameters for RIPPLE Code Predi:tions-Model 42

Input shock pressure, 10 psi

Shock density, 0.003349 slugs/ft3

Shock particle speed, 436.4 ft/sec

Shock temperature, 159.5°F

Shock sound speed, 1219.3 ft/sec

Ambient pressure, 14.7 psi

Ambient temperature, 72°F

Ambient sound speed, 1129.9 ft/sec
Ambient density of air, 0.002321 slug/ft3
Ambient air speed, 0.0 ft/sec

Notes-1. Model 42 was assumed to be two dimensional for RIPPLE
predictions. Also, stairway door opening was changed to 6 inches,
instead of 5 inches, for ccde use.

2. Constant coefficient of drag assumed to be C.5 for cylinders.

3. Angle of flow is positive in upper quadrants and negative in
lower quadrants.

° +68 o°
w4

4. Time equals zero at exit of second (stairway) opening.
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1 >3
COMPUTATIONAL GRID i
Nuwber of columns = 45 1
I DELTA X (ft) X (ft) ‘
1 11.495240000 311.495210000
2 4,929290000 16.4211530010
3 2.113734000 18.538264000
I .906393000 19. 484657000
5 358671500 19.333328500
6 .166666700 19.999995200
7 166666700 20.166661000
8 166666700 20.333328600
9 166666730 20.499905300
10 166666700 20.666662000
11 166666700 20.833328700
12 166666700 20.999995400
13 166666700 21.166662100
14 166666700 21.333328800
15 «166666700 21.499995500
16 166666700 21.666662200
17 .166666700 21.833328900 {
18 166666700 21.999995600
19 -166665700 22.166662300 f
20 166666700 22.333329000 !
21 166666700 22.4995957 30 {
22 » 106660700 22.666662400
23 166566700 22.833329100
24 166666700 22.999995800
25 186666700 23.166662500
26 166666700 23.333329200
27 166666700 23.499995900
28 166666700 23.666662600
29 »166666700 23.833329300
30 .165666700 23.999996000
31 166666700 24.166662700
32 166666700 24.333329400 :
33 .166666700 211499996100
34 .166666700 211656662800
35 166666700 24,833329500
36 166666700 244,999996200
37 »166666700 25.166662900 ;
38 .160666700 25.333329600
39 .166666700 25.4199996300
40 .166666700 25.666663000
41 166666760 25.833329700 ¥
42 .498822500 26.332152200
43 1.492944000 27.825096200
uy 4.468284000 32.293380200
45 13.373280000 45,666660200
Table E-1 (Continued) :
i d
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Number of rows = 83

O3 DV L0 P

DELTA Y {ft)

1.520871000
1.105957000
808606100
589602600
429914100
«313475800
228573300
«166666700
166656700
166666700
«166666700
-166666700
166666700
«166666700
166666700
166666700
-166666700
166666700
+166666700
166656700
«166666700
.166666700
.166656700
166666700
«166666700
166666700
166666700
.166666700
+166666700
166666700
166666760
166666700
166666700
166666700
166666700
166666700
166666700
«166666700
+166666700
166666700

Y (ft)

1.520871000
2.629428000
3.438434100
4.023036700
1.457950800
4,771h26600
5.0005000400
5.166667100
5.333333800
5.500000500
5.666667200
5.833333900
6.000000600
6.166667300
6.333334000
6.500050700
6.66666T400
6.833334100
7.000900200
7.266667500
7.333334200
7.5092990660
7.666667600
7.833334300
3.000001000
8.166567700
8.333234L00
8.500001100
8.666667800
8.833334500
5.000001200
9.1666€7900
9.333334600
9.500001300
9.666668000
9.833334700
10.000201400
10.166668100
10.333334800
10.500001500

Table E-] (Continued)
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DELTA Y (ft)

106666700
166666700
166666700
« 166666700
156666700
+«166666700
<1O6666T00
<16€666700
166606700
166656700
« 1OGCSCET00
166666700
« 166666700
<LOBOGGT00
166666700
166606700
166666700
166666700
166666700
+166666700
«166666700
«166666700
166666700
+166666700
«166666700
166666700
«166666700
166666700
166666700
.166666700
.166666700
«166666700
«166666700
«165666700
«166666700
166665700
«166665700
«166666700
166666700
166666700
«166666700
«166666700

Table E-! (Continued

W

Y ()

10.66666:,200
10.833334900
11.000001600
11.166663300
11.333335000
11.500001760
11.666668h00
11.833335105
12.000001800
12.166663500
12.333335260
12.500001900
12.666665600
12.833335200
13.000002000
13.166668700
13.3333354n0
13.500002100
13.6666::3800
13.833335500
14.000002200
14,.166658900
14.333335600
14.500002300
14 ,.666666000
14.833335700
15.0560002400
15.166669100
15.333335600
15.500002500
15.666669200
15.833335900
16.000002600
16.166669300
16.333336000
16.506002700
16.666669400
16.833336100
17.000292860
17.165669500
17.333336200
17.500002900
17.666669600
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Table E-I11 Flow "arameters for RIPPLE Code rredictions - Model 42

Time Cell No. Air Speed, ux
msec X y ft/sec
1.10 8 24 -19.5
36 - .1
48 .0
66 .0
13 78 .0
15 24 -47.7
36 - 1.1
48 .0
66 .0
18 24 1.8
36 .0
48 -0
66 .0
24 24 51.7
3¢ .7
48 .0
66 .0
32 24 7.4
36 .0
48 .0
66 .0
36 18 4.8
78 .0
2.07 8 24 23.4
36 -6.2
48 .0
66 .0
13 78
133
h —

Air Speed, upy
ft/sec

55.8
.1
.0

40.0
1.1

.0
3.7
.0
L
.0

.0
158.6
21.2
.0

.0

.0
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Table E-II (Continued)
Air Speed, ux

Cell No.
I A
1S 24
36

48

6€

18 24
36

48

66

24 24
36

48

66

32 24
36

48

66

36 18
78

8 24
36

48

66

13 78
15 24
36

48

66

18 24
36

48

66

ft/sec

~12.8
-12.8
- .1
.0
35.5
.2
.0
.0
55.2
14.7

39.4
2.8
.5
.0
33.0
.0
47.0
10.3

134

Air Speed,uy

ft/sec

88.6
31.6
.3

.0
137.9
60.8
.4

.0
32.5
31.2

.0
14.2
2.9
.0

.0
4.2
.0
198.¢
117.9
55.6
.0

.0
65.9
119.1
26.1
-J
255.4
109.7
47.6
.0
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Time Cell No.

msec X Z

24

32

13

18

23

24
36
48
66
24
36
43
66
18
78

24
36
48
66
78
24
36
42
66
24
36
48
66
24
36
48
66

Table E-1I (Continued)

Air Speed, ux
ft/sec

145.9
45.4
7.5
.0
46.1
25.6
i0.1
.0
16.5
.0

83.6
17.0
5.1
3.9

94.5
47.0
29.0
11.5
116.9
48.7
37.3
13.5
149.3
74.5
46.3
9.6

135

Air Speed,uy

ft/sec
27.3
§5.1
31.8
.0
16.1
23.8
14.8
.0

6.0

.0

338.0
141.5
93.0
65.2
4.4
34.6
100.6
§6.9
54.1
225.6
116.7
85.8
55.4
40.3
79.3
75.7
33.9
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Table E-I1 (Continued)

. Time Cell No. Air Speed, ux Air Specd,uy

; msec x Y ft/sec ft/sec
32 24 74.2 13.0
36 55.7 51.4
43 45.9 74.2
66 8.2 21.9
36 18 39.9 - .2
78 .3 .8
8.89 8 24 83.3 439.8
- 36 24.9 181.6
\. 48 5.3 105.7
66 3.0 74.6
13 78 8.3 53.7
' 15 24 62.7 4.2
r 35 42.7 99.3
{ 48 20.8 87.9
Z 66 16.3 72.6
18 24 147.1 219.5
36 36.2 121.1
43 23.4 96.8
66 20.6 73.6
24 24 148.9 46.4
36 72.7 89.4
48 35.4 84.2
66 24.3 74.3
32 24 39.2 4.8
| 36 28.1 55.1
! 48 18.1 73.7
66 -5.7

36 18 .7
78 4.4 24.6
: Y 136
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Time
msec

10.75

12.55

13
15

18

24

32

13

24

43
66
78
24

48
66
24

48

24
36
48
66
24
36
48
66
18
78
24

48

78

Table E-I1 (Continued)

Air Speed, ux
ft/sec

76.9
44.5
7.0
.6
13.1
-5.7
57.4
20.0
3.7
149.2
35.8
15.4
7.8
115.8
49.8
12.9
11.3
33.9
23.1
6.7
-5.90
-7.6
19.2
47.8
61.9
8.0
3.9
.4

137

Air Speed, uy
ft/sec

515.3
232.3
130.4
09.2
8.3
~-55.4
91.5
107.5
73.1
274.6
107.6
104.8
70.8
26.8
93.4
93.5
71.8
-9.9
51.4
77.1
82.7
-14.7
48.0
545.1
293.9
147.6
45.3
14.6
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: Time
: msec
{
!
]
|

14.30

. -

Cell No.
X Y

15

& & &R

18 24

48
66
24 24
36
48
66
32 24

48
66

78

48

66

13 78

15 24

48

Table E-11I {Continued)

Air Speed, ux
ft/sec

-57.3
55.9
17.6

4.2

116.1
52.5
14.4

.1
94.0
62.7
21.0
-1.1
30.2
28.8
10.2

4.0
-12.2
- 4.2

5.8
80.6
18.6
-1.4

-11.9

-56.9
73.4
2.7
-3.2

138

Air Speed, uy
ft/sec

-50.7
77.6
113.6
46.4
340.0
80.4
105.3
45.8
-4.2
89.5
93.9
43.0
-21.1
39.2
72.5
43.2
-18.1
- 2.6
516.5
360.1
142.1 -
55.9
22.0 ;
5.7
37.4
87.1
44.9
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Table E-11 (Continued)

b o

P YO

Time Cell No. Air Speed, ux Air Speed, uy
msec x Y ft/sec ft/sec
18 24 90.9 322.7
35 79.3 77.6
48 37.4 66.8
66 .5 37.1
24 52.4 -22.3
36 75.5 72.9
48 38.1 65.8
66 5.8 26,6
24 28.5 -33.4
36 39.4 26.4
48 25.3 49.1
66 -1.9 2.9
18 -15.0 ~22.1
78 - 8.8 2.8
15.17 8 24 -11.6 497.1
36 83.0 383.6
48 24.7 130.0
66 1.7 49,7
13 78 -15.6 12.3
1S 24 -77.2 41.7
36 75.2 12.4
48 60.2 61.2
66 S.7 42.7
18 24 84.0 309.2
36 89.1 80.4
48 54.6 44.4
66 2.2 31.1
24 24 35.2 -26.0 o
36 89.7 54.8
48 47.4 39.1
66 -2.9 14.5
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Time
msec

Cell No.
.S A
32 24
36

48

66

36 18
78

Table E-II (Continued)

Air Speed, ux
ft/sec

24.0
40.6
32.1
-3.1
-15.3
- 7.2

140

Air Speed, ny

ft/sec

-37.5
15.5
18.0
-1.4

-23.0

3.2
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APPENDIX F

FILL PRESSURE AND MOTION PREDICTIONS FOR
CYLINDERS IN BASEMENT SHELTERS

1. FILL-PRESSURE CURVES

2. MOTION PREDICTIONS FOR CYLINDERS
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APPENDIX ¥,

FILL PRESSURE AND MOTION PREDICTIONS FOR
CYLINDERS IN BASEMENT SHELTERS

2. MOTION PREDICTIONS FOR CYLINDERS
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Precoding page Mank




Time,sec

.01000
.02009
.236G09
04009
.05009
.06000
.07000
.08000
.09G0N
.10990
.11000
.12009
.13900

.01069
«.N2999
.13009
04000
N5099
LORNNND
.N7009
.0509n
.09000
.1n00n
.11670
.12000
.13009
.14000
.15000

.01000
.G2900
3000
N4000
<25190
. 06000
.07000
.08000
.09000
10000
.11Gn0
12002
.13000
.14000
.15000
.16009
.17000
.18900

Table F-1
20x40x8 feet

3 psi, I-MT

Motion Parameters from Basement I

150 ib. cylinder, 15 3/4 in. dia x 22 in. high

Distance,ft Velocity, ft/sec
.J30330 .06000
.00940 .33068
.01783 .60999
.02815 .8423%
.03998 1.03211
.05300 1.18366
.06689 1.30134
.08341 1.338946
.09636 1.45230
.11155 1.49415
.12687 1.51928
.14223 1.53192
. 15760 1.53634
5 psi
.3N535 . 00900
.01675 .58583
.03192 1.108956
.05069 1.51757
.07240 1.87618
.09651 2.17165
.12248 2.41018
.14990 2.539796
.17835 2.74110
.20753 2.84571
«23717 2.91785
«26706 2.96355
.29705 2.98885
.32707 2.99973
+35710 3.00220
10 psi
.01823 .00000
.08223 1.82321
.09977 3.400138
.15881 4.75369
.22753 5.90419
+ 30429 6.87188
.38762 7.67574
47625 8.33376
.56205 £.86304
.66505 9,27977
. 76341 2.59929
.86345 9.83611
.98400 10.003%6
1.06844 10.11579
1.16864 10.148379
1.270587 10.2194s
1.37333 10.23348
1.47569 10.23597
173

Acceleration, ft/sec?

331.06889
27.93073
23.23446
18.97703
15.15568
11.76790
8.81149
6.28449
4,18525
2,51235
1.26466
.44131
.04169

58.58312
50.37350
42.80134
35.86077
29.54644
23.85345
18.777139
14,.31434
10.46081%
7.21381
4,57075
2.52954
1.08851
.24643
.00253

182,32147
157.71715
135.33088
115.050138
96.76901
80.38531
65.80247
52.92788
41.67275
31.95169
23.68235
16,78513
11.18285
6.80045
3.56475
1.40421
.24867
.02917

Preceding page blask
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Time,sec

.02000
.04000
.06000
.08000
.10000
.12000
.14000
.16000
.18000

.02000
.04000
.06000
.03000
.10000
.120G0
.14000
.16000
.18000
.20000

Distance, ft

.08608
26244
«50441
. 79215
1.11008
1.44639
1.79258
2.14305
2.49466

Table F-I (continue ,

15 psi

Velocity, ft/sec

3.00074

7.85592
11.41326
13.92155
15.60098
16.64597
17.22751
17.49491
17.57714

20 psi

3.95514
10.36082
15.07087
18.41621
20.68548
22.13006
22.96779
23.38593
23.54327
23.57170

174

Acceleration,ft/sec2

260.65863
192.46389
137.08822
93.05949
39.05867
33.88793
16.44413
5.69661
.66863

343.72756
254.52475
182.42912
125.26097
81.10125
48.23316
25.09488
10.24088
2.31027
.00068
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P

Time,sec

.0N2000
. 34000
L6000
.05000
.100n0
.12000
14000
16000
.13300
. 20500
.22000
024000
. 26700

.N2009
04000
.0H8009
.NS8909
. 10090
. 12901
L1400
.160170
.15692n
.2n00n
<2271
L2400
26000
.28010
« 30000

v

Table F-I1I Mation Parameters From Basement II
3 psi, 1 MT
15 3/4 in. dia x 27 in. high

30x60x8 ft

Distance, ft

.01318
.03748
07109
.11204
.15907
.21074
.26587
32345
.38267
.h4286
.50353
.56437
.62522

.02333
26668
.12696
.20144
.28754
.383090
.48580
.59418
.70661
.82181
.93875
1.05664
1.17492
1.29329
1.41165

S psi

. i
Velocity, ft/sec Acceleration, ft/sec”

.00000
.6592¢
«21488
.67611

3.031356
3.04170

.00000
1.16677
2.16726
3.01499
3.72320
4.30494
4.77304
5.14017
5.41884
5.62140
5.76011
5.84711
5.89445
5.91414
5.91813

32.96207
27.78210
23.0€139
18.79370
14.97340
11.59546
8.65542
6.14939
4.07405
2.462660
1.204381
40696
.03186

56.33863
50.02485
42.38618
35.41051
29.08682
23,40517
18.35663
13.93331
10.12823
6.93543
4,34982
2.36727
.98452
.19921
.00986

s

P )

L |



o " ——

.04000
.08000
.12009
.16000
.20000
24000
.28000
32000
36000

04000
.08000
.12000
.16000
.20000
.24009
.28009
.32000
.36000

.04000
.0800n
.12000
.16000
.20000
.24000
.28000
32000
.36000

Table F-I11.

Time,sec

Distance, ft

.20785

62995
1.20367
1.87938
2.61892
3.39423
4.18608
4.98306
5.78060

.34186
1.03421
1.97360
3.07921
4.28956
5.55971
6.85884
8.16817
9.47906

44576
1.34205
2.55016
3.96403
5.50475
7.11603
8.76035

10.41569
12.07251

10 psi

Velocity, ft/sec

3.63375

9.42556
13.56455
16.38708
18.18852
19.22884
19.73702
12.91439
19.93725

1S psi

5.98326
15.47033
22.21770
26.81436
29.76247
31.49148
32.36876
32.70744
32.77210

20 psi

7.82215
20.06684
28.62006
34.336137
37.92530
39.97803
40.98660
41.35740
41.42062

176

Motion Parameters from Basement II (continued)

Acceleration,ft/sec

156.2657¢C
112.70200
77.82372
50.56671
30.01539
15.37043
5.92275
1.03242
11112

256.33425
183.85524
126.69671
82.58583
49.62901
26.21704
10.95217
2.59120
.00043

332.18849
234.04322
156.26901
101.04585
59.27491
30.37620
12.13920
2.61057
.00830

2
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Table F-II1. Motion Parameters from Basement III

40 x 80 x 8 ft 3 psi 1-MT
156 1b cylinder 15 3/4 in. dia x 22 in. high
g Time,sec Distance,ft Velocity, ft/sec Acceleration,ft/sec2
i 05000 .07506 .G0000 30.02556
i . 10090 .20699 1,50127 22,74741
. .1500" .38024 2.63854 16.52744
: .23600 .58183 3.46502 11.33339
< 259500 .80126 4,03171 7.14029
. 39000 1.03051 4.36873 3.92514
.35300 1.26394 4.58498 1.67174
.L0900 1.49829 4,66857 <36797
.4570N0 1,73266 4.68697 .00618
5 psi
.950148 .13368 .00000 53.47493
‘ 10990 37155 2.67374 $1.67223
.13771 .68804 4.75736 31.44991
f « 201YY 1.06147 6.32985 22.74529
« 25999 1,47352 7.4€711 15.50596
! .30000 190985 £.24237 968552
{ . 35990 2.35931 8.72664 5.25114
: LA 2.81421 8.98920 2.17452
f <4590 3.27019 9.09792 .43595
, . 50000 3.72624 9.11972 .02328
!
|
} 10 psi
! .05000 .40307 .00009 161.23126
] .19009 1.11013 8.06156 1231.59332
.15990 2.039990 14.14122 89.08309
. 20000 3.12666 18.59538 62.7967%
.2500% 4.31836 21.73522 41.97514
.39070 5.575n0 23.83398 25.97286
. . 25300 6.86721 25.13262 14.23441
i 40000 8.17512 25,84434 $.27488
i 45000 9.48718 26.15808 1.66452
N TAMMES 10.79929 26,24131 01602
177
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15 psi
Time,sec Distance, ft Velocity, ft/sec Acceleration, ft/sec2
.05000 .66709 .00000 266.83608
.1900n 1.83373 13.34180 199,.82120
.15000 3.36488 23.3328% 145.80351
.20000 5.15294 30.62304 102.76192
.25090 7.11365 35.76113 69.06240
.30000 9,18277 39.21425 43.36205
.35000 11.31323 41.38235 24,.53778
40000 13.47277 $2.60924 11.63202
.45000 15.64184 43.19085 3.81099
.50000 17.81174 43,38139 .33182
20 psi
.05990 .87918 .00000 351.67256
.190n00 2.41319 17.58362 261.93307
.15000 4.42373 30.68028 190.€60235
.2n00n0 6.77034 40.21074 134.43116
.25990 9.34405 46.93230 90.83629
.30009 12.06220 51.47452 57.77653
.35009 14.86429 54.36294 33.57909
RONLL 17.70850 56.041990 16.84543
.45n0n 20.56865 56.88417 6.37/587
. 59000 23.43158 57.20297 1.11232
.550nn 26.29474 57.25858 .09408
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Table F-1IV. Motion Parameters from Basement IV

70 .. 144 x 8 ft. 3 psi 1-MT
156 1b. cylinder 15 3/4 in. dia. x 22 in. high
Time,sec Distance,ft Velocity,ft/sec Acceleration,ft/sec2
.N300n .08029 .00000 32.11617
.109000 .22624 1.60580 26.26460
.159n0 .42480 2.51903 21.04616
.29900 L68447 3.97134 16.44067
.2500n0 .93522 4,79338 12.43046
.3nn0 1.22846 5.41490 9.00021
. 3500 1.53705 5.86491 6.13687
L4nnng 1.85521 6.17175 3.82951
Jhsnan 2.172555 6.36323 2.06928
. 591000 2.5G401 6.46669 84928
.55090 2.8298¢% 6.50916 .16456
LHnnan 3.15578 6.51739 .01202
S psi
<N599) .13994 .00000 55.97806
.10010 .39673 2.79890 46.73701
.1590n .74958 5.13575 38.42488
Lanonnn 1.17994 7.05699 31.00341
. 25000 1.67139 §.60716 24,43891
. 37019 2.20962 9.82911 18.70190
. 330109 2.78223 10,76421 13.76683
40000 3.37889 11.45255 9.611384
<4570 3.99109 11.93314 €.21856
L5090 4.61222 12.24407 2.57191
.550nn 5.23751 12.42266 1.65001
.62000 5.86393 12.50566 .47400
L65000 6.49047 12.52936 .00801
10 psi
.05an0n 40924 00000 163.69790
.17000 1.15214 8.18489 133.486044
.15n17n 2.16354 14.85791 107.40438
.290140 3.38761 20.22813 85.06474
.25015 4.77670 24,4837 66 04462
.3000n0 6.29n93 27.7838D 50.002965
350009 7.89678 30.28375 36.64470
LAnnn 9.56686 32.115¢8 25.71289
L4500 11.27940 33.401€3 16.9819%
. 50000 13.01756 34.25073 10.25255
. 35010 14.76910 34.76336 5.34662
.60n0n0 16.52589 35.03069 2.10399
. 65000 18.28364 35.13589 .37893
.700019 20.04147 35.15433 .03740
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15 psi ) 2
Time,sec Distance, ft Velocity, ft/sec Acceleration, ft/sec ;
.05000 .71836 .00000 287.34471
.10000 2.01133 14.36723 229.84568
.15000 3.75811 25.85951 181.51974
.20000 5.85753 34.93550 141,05701 '
.256G00 8.22541 41.98835 107.33577 §
.30000 10.79234 47.35764 79.61996 )
.35000 13.50182 51.33864 57.01924
.40000 16.30870 54.18960 38.95817
.45000 19.17783 56.13751 24,90220
.50000 22.08293 57..9262 14.38366
.55000 25.00556 58.10206 7.01158
.60000 27.93422 58.45263 2.40933
. 65000 30.86351 58.57310 -25457
. 70000 33.79342 58.58583 .245:8
l
{
3
20 psi 5 !
.05090 .93853 .00000 375.41574 H
.10000 2.61590 18.77078 295,.352859 i
.15090 4.86762 33.54721 229.74490G i
.20900 7.55864 £5.03446 175.71769
.25000 10.57862 54.82034% 131.58824
. 30000 13.83827 60.39975 95.86368
.35000 17.26624 65.19294 67.32279
.40000 20.80664 68.55933 44.97497
.45000 26.41695 70.89808 27.96054
.5600 28.06616 72.20610 15.55276
.55000 31.73325 72.98424 7.15328
.60000 35.40579 73.34191 2.17390
.65000 35.07861 73.45060 .11801
.70000 42.75272 73.45650 .51551 |
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Table F-IV (Continued)
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